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Abstract

We investigate the phase diagram of a system with two layers of an Ising lattice gas at half
filling, as a function of the inter-layer coupling J, keeping the usual intra-layer nearest-neighbor
attraction constant. In equilibrium, the phase diagram is symmetric under J — —J, but exhibits
different ground states. The effects of imposing a uniform external drive are studied by simulation
and analytic techniques. In particular, we attempt to develop a simple intuitive picture which
allows us to predict the approximate location of I in driven lattice gases.
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One of the major problems in the study of non-equilibrium steady states is the ab-
sence of a free energy, with its associated store of simple intuitive arguments, which
often allow us to predict the qualitative phase diagram of equilibrium systems rather
successfully. For example, the structure of ground states can be predicted based on
simple energetics, while the existence of phase transitions, especially in systems with
discrete symmetry, as well as the qualitative shape of the phase diagram can be ob-
tained easily from Landau—Peierls-type arguments [1], balancing the competing effects
of entropy and energy. More sophisticated tools, such as Monte Carlo simulations,
mean-field theory or renormalization group methods, can then be invoked to obtain
more quantitative details. In contrast, there are as yet no intuitive arguments that would
enable us to predict, qualitatively, the basic features of phase diagrams even in sim-
ple non-equilibrium systems. A prime example for this situation is the driven lattice
gas, introduced over a decade ago by Katz et al. [2]. In this model, particles hop to
nearest-neighbor empty sites, subject to the usual Ising {3] Hamiltonian and a thermal
bath at temperature 7. The system is driven into a non-equilibrium steady state by
a driving force which favors particle hops along a specific lattice axis. While many
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surprising features of this basic model are by now well understood [4], a few results
remain puzzling. In particular, it is not yet clear why the critical temperature, T.(E),
increases with E, saturating at about 40% above the Onsager temperature as £ — oo
[5]. Since nearest-neighbor bonds are easily broken by sufficiently strong fields, one
might in fact have expected a lower T.. Additional data, demonstrating the presence
of long-range correlations in the system[6], give a first indication as to why 7, might
increase.

In the following, we will explore a related system, consisting of a bilayer driven
lattice gas. The purpose of our work is twofold. First, this system is closely related
to models for intercalated structures [7,8], and we will investigate its phase diagram
and critical properties. Second, we wish to test which of these competing arguments
successfully predicts the qualitative behavior of the phase diagram. The goal is to
develop a simple intuitive picture which can be applied to other systems.

Earlier simulation work [9] investigated driven bilayer lattice gases, with zero cross-
layer coupling. Surprisingly, two transitions were found: As T is lowered, the usual
disordered (D) phase orders into a strip phase (S), displaying a single strip in each
one of the layers. The two strips lie right on top of one another. At even lower tem-
peratures, a first-order transition occurs into a second ordered state: here, one of the
planes is mainly full, while the other is nearly empty, corresponding to homogeneous,
opposite magnetizations on the two planes. This state will be referred to as FE. The
lack of understanding, as to why there should be rwo transitions, as well as possible
applications to the physics of intercalated compounds, motivates our study of a bilayer
driven system with inter-layer interactions. The goal is to map out the phase diagram
in the space spanned by temperature, drive and inter-layer coupling strength. In the
following, we will briefly describe our model, report the main results from the sim-
ulations, and outline the first steps towards a renormalization group analysis of the
continuous transitions in the model. Finally, we will briefly summarize a few intuitive
arguments concerning the structure of the phase diagram. A more detailed description
of the simulations and of our intuitive picture can be found in [10]. A thorough dis-
cussion of the field theory analysis and additional Monte Carlo data will be published
elsewhere [11].

We consider two fully periodic L x L square lattices, arranged in a bilayer structure.
Each site (ji,/2,/3), with j;,jo»=1,...,L and j3=1,2, can be either occupied by a
particle or empty, denoted by a(ji,/2,/3)=0 or 1. Occasionally, we will use Ising
spin language, s(ji,j2,/3)=2n(J|.j2,j3) — 1. To access the usual critical point of the
Ising model, we study only half-filled systems, i.e., 3. n=L>. This constraint imposes
a conservation law on the dynamics. The particles interact with their nearest neighbors,
both within and across layers, with coupling strengths Jy and J, respectively. Thus,
the Hamiltonian is given by # = —Jo>_ nn’ —J > nn", where n and n’ are nearest
neighbors within a given layer, and » and »” differ only by the layer index. Our
study is restricted to positive Jy , with several values of J/Jy in the range [—10,10].
Negative J’s are motivated by the physics of intercalated materials [7,8], where elastic
deformations of the host lattice may lead to repulsive effective interactions between






